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Available online 10 September 2016AbstractThis study tests for martingale difference hypothesis (MDH) in nine selected Foreign Exchange (FX) markets from AsiaePacific countries.
Its main contributions to the literature include: (i) it adopts recent techniques in both the Autocorrelation based and Spectrum based tests for
MDH, namely; the Wild Bootstrap Automatic Variance Ratio test by Kim (2009) and the Wild Bootstrap Generalized Spectral test by
Escanciano and Velasco (2006); (ii) it determines structural breaks endogenously for all the returns series using Perron (2006) unit root test with
structural break, and (iii) based on the Perron results, it obtains two sub-samples and thereafter tests for MDH. Empirical result from this study
shows that FX market efficiency could be inconsistent over time due to changes in policies and events. Thus, a preliminary test for the presence
significant structural break may be necessary when testing for MDH.
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The main objective of this study is to investigate whether
AsiaePacific Foreign Exchange (FX) markets satisfy martin-
gale difference hypothesis (MDH) and to also verify whether
accounting for structural breaks matters. The MDH plays a
central role in economic models where expectations are
assumed to be rational (Escanciano& Lobato, 2009). Given the
current information set, the martingale hypothesis implies that
the best predictor of future values of a time series, in the sense of
least mean squared error, is simply the current value of the time
series (Escanciano& Lobato, 2009). Empirical literature testing* Corresponding author. Department of Economics, Federal University of
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license (http://creativecommons.org/licenses/by-nc-nd/4.0/).the MDH has adopted different methodology ranging from the
linear measures to the non-linear ones. Examples of the linear
measures are the portmanteau test by Ljung and Box (1978) and
variance ratio test by Lo andMacKinlay (1988, 1989). Recently
however, more sophisticated techniques have been developed
with better power and size properties under each category.
Prominent among these new linear measures are automatic
portmanteau (AQ) test of Escanciano andLobato (2009); and the
automatic variance ratio (AVR) test of Kim (2009) which ex-
tends the earlier work of Choi (1999). For the non-linear mea-
sures, the notable recent tests are the generalized spectral (GS)
test of Escanciano and Velasco (2006) and the consistent tests of
Domínguez and Lobato (2003). Charles, Darne, and Kim (2011)
provide for a review of the recent tests while a survey of their
applications on foreign exchange markets is detailed in a related
paper by Azad (2009).
With the increasing proliferation of tests, Charles et al.
(2011) conduct a Monte Carlo experiment to compare powerting by Elsevier B.V. This is an open access article under the CC BY-NC-ND
Table 1
Exchange rate policies of AsiaePacific countries.
Countries De facto exchange rate policies
(as of April 30, 2014)
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that the Wild Bootstrap AVR test shows the highest power
against linear dependence; while the GS test performs most
desirably under nonlinear dependence. Thus, in this study, we
adopt both the Wild Bootstrap AVR and Wild Bootstrap GS
tests for the MDH. More so, we define martingale as following
random work 2,1 which states that the best forecast of to-
morrow's asset price is today's price. However, since asset
prices are usually non-stationary, we carry out the hypothesis
testing on the FX returns, which are expected to form a
martingale difference sequence (Escanciano & Lobato, 2009).
Notably, the MDH test is predicated only on past information
about asset returns; hence, the outcome of this study would be
used to examine and analyze the weak form efficiency of the
AsiaePacific FX market.2
Basically, our study covers nine AsiaePacific FX markets,
consisting of China, Hong Kong, Indonesia, Japan, Malaysia,
Philippine, Singapore, South Korea and Thailand. The cur-
rencies of these countries are among the thirty (30) most
traded currencies in the world. Unlike Al-Khazali, Pyun, and
Kim (2012) which conducted a similar study, we distinguish
our study by also accounting for structural breaks in the MDH
tests using the Perron (2006) generalized structure for
analyzing structural breaks with unit roots. Consequently, we
obtain two sub-samples based on the break point and there-
after test for MDH under the pre-break and post-break periods.
The resulting statistics are compared with the full sample in
order to ascertain the possibility of any significant changes as
a result of structural breaks. All these analyses combined
distinguish this paper from the previous works.
Following this introductory section, Section 2 describes the
data and also provides some preliminary analyses. Section 3
presents the econometric methodology implemented in the
study. Section 4 discusses the empirical results. Policy impli-
cations are discussed under Section 5, while Section 6 con-
cludes the study.
2. Preliminary analyses
This section describes data and provides some preliminary
information about the FX markets of the nine AsiaePacific
countries earlier mentioned. AsiaePacific countries are oper-
ating different foreign exchange rate policies; this ranges from
Hong Kong's currency board system which “pegged” the Hong
Kong dollar to the U.S. dollar; the “soft peg” arrangement of
China and Singapore; to “floating” arrangement of Japan,
Indonesia, Philippines, and South Korea. Table 1 summarizes1 In Campbell, Lo and MacKinlay (1997) textbook, they distinguish three
types of random walks according to the dependence structure of the increment
series, and martingale has been found to be suitably explained by random work
2.
2 Market efficient can be categorized into three levels based on the definition
of the available information set; namely weak form, semi-strong form, and the
strong form (Fama, 1970). However, weak-form efficiency is the most
important being the lowest level of EMH; because if MDH is rejected for the
weak-form of market efficiency, it is not necessary to examine the EMH at the
stricter levels of semi-strong and strong form (Wong & Kwong, 1984).the exchange rate policies operated by these countries as of
April, 2014.
Exchange rate is defined here as the domestic currencies of
the selected countries relative to Euro. This is due to the large
volume of transactions recorded between these countries and
Europe. Also, the increasing economic integration between the
AsiaePacific and Europe which has continued to foster eco-
nomic ties including trade relations between them justifies the
need for an efficient FX market in terms of the demand for and
supply of their currencies. For convenience, we use CNY for
Chinese Yuan Renminbi, HKD for Hong Kong Dollar, IDR for
Indonesian Rupiah, JPY for Japanese Yen, KRW for South
Korean Won, MYR for Malaysian Ringgit, PHP for Philippine
Peso, SGD for Singapore Dollar and THB for Thai Baht
relative to Euro. Therefore, an increase in exchange rate will
mean depreciation in the domestic currency relative to Euro
while a decrease will mean appreciation. Weekly data for the
period from April 1, 2005 to September 12, 2014 were ob-
tained from the database of the Central Bank of Ireland. Ex-
change rate return is described as the continuously
compounded exchange rate percentage returns at time t
calculated as below:
Rit ¼ 100*ln

Eit

Eit1
 ð1Þ
where Rit is the exchange rate returns of a given country i at
time t, Eit is the exchange rate of that country at time t, while
Eit1 represents one period lag in exchange rate of a chosen
country. We carry out preliminary analyses on the FX returns
of the selected AsiaePacific countries in order to examine and
understand the inherent statistical behavior of these series.
Table 2 presents the descriptive statistics of the return series.
The mean value represents average FX returns for the period
under review. From the table, it is observed that most of the
currencies have negative average returns, with the exception of
Indonesian rupiah (IDR) and South Korean won (KRW)
returns. This implies that FX returns of seven out of the nine
selected countries appreciated on the average over the period
under consideration; with the Chinese Yuan Renminbi
(CNY_R) being the currency with the highest rate of exchange
rate returns appreciation. This may partly be attributable to theChina Crawling Peg
Hong Kong Currency board
Indonesia Floating
Japan Free floating
Malaysia Other managed arrangement
Philippine Floating
Singapore Stabilized arrangement
South Korea Floating
Thailand Floating
Source: International Monetary Fund, De Facto Classification of Exchange
Rate Regimes and Monetary Policy Framework, https://www.imf.org/external/
pubs/nft/2014/areaers/ar2014.pdf.
Table 2
Descriptive statistics (FX returns of selected AsiaePacific countries).
FX Obs Mean Std. Dev. Skewness Kurtosis JeB LB-Q (10) LB-Q2 (10) ARCH LM (5) ARCH LM (10)
China CNY_R 493 0.061 1.286 0.274 5.089 95.791*** 9.367 127.48*** 46.92*** 79.57***
Hong Kong HKD_R 493 0.002 1.486 0.162 15.747 3339.729*** 6.613 90.85*** 123.79*** 126.15***
Indonesia IDR_R 493 0.045 1.512 0.258 5.283 112.523*** 9.132 154.42*** 66.66*** 69.12***
Japan JPY_R 493 0.001 1.782 1.394 12.325 1945.914*** 10.088 60.17*** 32.94*** 42.45***
Malaysia MYR_R 493 0.036 1.177 0.205 4.223 34.181*** 8.716 81.83*** 58.21*** 68.39***
Philippine PHP_R 493 0.045 1.274 0.010 3.750 11.557*** 13.77 79.49*** 47.55*** 73.66***
Singapore SGD_R 493 0.056 0.986 0.210 4.060 26.721*** 11.95 73.51*** 38.18*** 53.92***
South Korea KRW_R 493 0.005 1.516 0.119 8.630 652.344*** 17.68** 167.20*** 94.87*** 104.98***
Thailand THB_R 493 0.040 1.365 0.017 5.016 83.518*** 19.20** 94.55*** 67.65*** 73.75***
Note: *, ** and *** represent rejection of null hypotheses at 10%, 5% and 1% levels respectively. JeB denotes Jarque Bera statistics, LB-Q and LB-Q2 indicate
LjungeBox Q-statistic for standardized residuals and their square respectively, while ARCH LM indicates the Lagrangian Multiplier test for Autoregressive
Conditional Heroscedasticity. More so, the reported statistic for the ARCH LM test is nR2, where n and R2 denote the number of observations and coefficient of
determination respectively.
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in addition to the change in exchange rate regime from fixed to
managed floating in 2005. Meanwhile, positive mean values of
Indonesian Rupiah (IDR) and South Korean Won (KRW)
imply that both currencies depreciate on the average over the
period under consideration. Also, considering exchange rate
returns volatility as depicted by the standard deviations of the
returns series, Japanese Yen returns (JPY) appears to be the
most volatile exchange rate returns, and coincidentally it be-
comes the one with the least average rate of appreciation.
Conversely, Singapore Dollar (SGD) is the least volatile ex-
change rate returns as explained by its smallest standard de-
viation; this enables it to generate another high average rate of
appreciation after the Chinese Yuan. The fact that Chinese
Yuan has the highest returns despite a fairly high volatility
implies efficient management of the FX market by the People's
Bank of China.
Furthermore, the skewness statistic shows that all FX
returns are skewed while the kurtosis statistic shows that they
are all leptokurtic (highly peaked and fat tailed). The Jar-
queeBera statistic also reveals that they are not normally
distributed. The Q-statistic for squared standardized residual
shows that there is significant higher order serial correlation
while ARCH LM test shows that we can strongly reject the
null hypothesis of no ARCH for all the FX returns. None-
theless, the chosen statistical tests for MDH in this study are
robust to conditional heteroscedasticity. The ARCH test result
is also confirmed in Fig. 1, with the existence of notable spikes
in FX returns for all the currencies, especially in 2008. These
graphs further justify the need to capture structural breaks in
the unit root testing as the outcome of the test may be sus-
ceptible to structural breaks. Also, while the descriptive sta-
tistics presented offer useful insights regarding the inherent
statistical behavior of the series under consideration, however,
testing for unit root is a pre-condition for the analysis of MDH.
In addition, as the presence of ARCH effects in FX returns
was revealed Table 2 and also buttressed graphically in Fig. 1,
occurrence of structural changes or the presence of significant
structural break may be suspected. Furthermore, studies have
shown that predictability of financial returns is inconsistent
over time (see Lo, 2004). Similarly, some others have shownthat structural changes in financial markets play a significant
role in determining the weak form efficiency of the markets
(see for example, Charles et al., 2011; Lazar, Todea, & Filip,
2012).
Thus, this study accounts for the possibility of inconsis-
tency in the weak form efficiency of the FX markets being
examined by determining periods of structural change
endogenously. As noted earlier, we employ unit root test with
structural break by Perron (2006) to determine the break
points/dates as well as the stationarity or otherwise of both the
level and returns series. The author provides the framework for
the implementation of the general structure of the structural
break with unit root (see Perron, 1997, 2006). The generalized
test regression can be expressed as:
yt¼mþqDUtþbtþgDT*t þdDðT1Þtþayt1þ
Xk
i¼1
ciDytiþet;et
 i:i:d: 0;s2e
ð2Þ
where DUt ¼ 1; DT*t ¼ t  T1 ¼ t  T1 if t > T1 and 0 other-
wise; D (T1)t if t ¼ T1þ1 and 0 otherwise. The T1 represents
the significant break point. The test considered is the minimal
value of the t-statistic for testing that a ¼ 1 versus the alter-
native hypothesis that jaj< 1 over all possible break dates in
some pre-specified range for the break fraction ½ 3; 1 3. The
implementation of the test regression follows the Innovational
Outlier (IO) framework as it allows the change to the new
trend function to be gradual rather than being instantaneous as
assumed by the Additive Outlier (AO) framework. The result
is presented in Table 3 below:
From the above table, it is evident that unit root in FX
returns for all the AsiaePacific currencies is strongly rejected,
indicating the stationarity of these FX returns. This is however
not surprising, given the definition of the FX returns. But
notably, structural trend in the Perron test is strongly signifi-
cant for all the FX returns. This suggests occurrence of sig-
nificant structural changes in the dynamics of these FX
markets, specifically around the selected break dates. As the
identified structural break dates fall between 2007 and 2009,
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Table 3
Perron unit root with structural break.
Countries FX initials Unit root Structural trend
Coeffs T-stats Break dates Coeffs
China CNY 0.949 21.447*** 24/10/2008 6.087***
Hong Kong HKD 1.047 24.322*** 04/09/2009 12.585***
Indonesia IDR 1.010 22.341*** 17/04/2009 5.016***
Japan JPY 1.020 24.108*** 24/10/2008 14.301***
Malaysia MYR 1.012 22.663*** 14/05/2010 4.660***
Philippine PHP 0.967 21.623*** 20/03/2009 4.488***
Singapore SGD 0.988 22.167*** 24/10/2008 4.245***
South Korea KRW 1.093 24.261*** 21/11/2008 6.322***
Thailand THB 1.029 23.108*** 26/01/2007 5.915***
Note: The critical values for Perron unit root test are 5.28 and 4.62; for 1%
and 5% levels of significance, respectively.Also, *** indicates 1% level of
significance.
Source: Authors computations.
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with various currency intervention policies by the monetary
authorities of some AsiaePacific countries to mitigate adverse
effect of global economic and financial crisis on their econo-
mies. For instance, the monetary authorities of China and
Singapore intervened in the operation of the currency market
in 2008, to prevent further currency appreciation (see
Morrison & Labonte, 2013), while Malaysian Central Bank
and South Korean government intervened in their respective
FX markets to prevent further currency depreciation (see
Abdul Aziz, 2013; Martin, 2009). Acknowledging the poten-
tial effect of changes in FX returns on the efficiency of FX
market, empirical result is presented for testing the MDH in
the FX market of AsiaePacific countries under three folds,
namely; the full sample period, the period before structural
break and the period after structural break.
3. The methodology
We describe below the underlying methodological pro-
cedure for the Wild Bootstrap Automatic Variance Ratio test
and the Generalized Spectral tests.3.1. Wild Bootstrap Automatic Variance Ratio (WBAVR)
test3 See Al-Khazali et al. (2012) and Veka (2013) for the test procedure for
AVR.This methodology is a recent technique developed by Kim
(2009) in determining market efficiency using variance ratio
(VR) test. The VR test is based on linear dependence with
the assumption that a martingale series is serially uncorre-
lated. The test was first introduced by Campbell and Mankiw
(1987) and later developed by Cochrane (1988), Lo and
MacKinlay (1988), Chow and Denning (1993), Choi
(1999), Wright (2000), Belaire-Franch and Contreras
(2004), Kim (2006, 2009), among others. It proposes that for
a random (unpredictable) process, the variance for observa-
tions taken with an interval of length k must be k times the
variance of observations taken with an interval of length 1
(Veka, 2013). Thus, the variance ratio for Rt (which ispreviously defined as our returns and therefore differenced
series) can be expressed as:
VRk ¼ VarðRt RtkÞ
kVarðRt RtkÞ ¼ 1þ 2
Xk1
i¼1

1 i
k

r
_
i ð3Þ
Where r
_
i ¼
PTt
t¼1 ðRtþibmÞðRtbmÞPT
t¼1ðRtmÞ
2
and bm ¼ T1PTt¼1Rt.
Thus, r
_
i denotes the autocorrelation coefficient at the ith lag
and bm is the mean value of Rt. Meanwhile, the choice of optimal
value of k has been the major concern of various VR tests.
Before Choi (1999), optimal value of k was largely determined
arbitrarily. Choi (1999) was the first to determine the optimal
value of holding period k automatically which led to the origin
of Automatic Variance Ratio (AVR) test. According to Choi
(1999), AVR test is based on a VR estimator related to the
normalized spectral density estimator at zero frequency.3
Meanwhile, Kim (2009) recommends wild bootstrap of
Mammen (1993) to strengthen AVR against small sample
properties especially when xt is subject to conditional heter-
oscedasticity. Kim's (2009) Wild Bootstrap AVR test
employed in this study follows three stages:
1. Form a bootstrap sample of size T as x*t ¼ htxt for t¼ 1,...,
with ht being a random sequence with zero mean and unit
variance.
2. Calculate AVR*ðbk*cÞ with x*.
3. Repeat items (1) and (2) B times to form a bootstrap
distribution fAVR*ðbk*c ; jÞgBj¼1.
The two-tailed p-value of the test can be obtained by
dividing the number of absolute values of fAVR*ðbk*c ; jÞgBj¼1
greater than the absolute value of AVRðbkcÞ by the total number
of bootstrap samples B:
p value¼
PB
j¼1I
AVR*bk*c ; j	>AVRbkc	
B
ð4Þ
However, we consider 300 and 500 bootstrap iterations in this
study in order to test the robustness of the Wild Bootstrap
AVR results.3.2. Wild Bootstrap Generalized Spectral (WBGS) TestThe GS test of Escanciano and Velasco (2006) is an
extension of the generalized spectral density function intro-
duced by Hong (1999) to capture both linear and non-linear
dependence in asset returns. The technique has been proven
to have high power against non-linear dependence compared
to various alternatives such as Deo (2000), Domínguez and
Lobato (2003), Hong and Lee (2003) and Kuan and Lee
215A.A. Salisu et al. / Borsa _Istanbul Review 16-4 (2016) 210e218(2004). Hence, this test is employed in this study to capture
non-linear dependence in the conditional mean of the ex-
change rate returns of the selected countries, which would not
have otherwise been captured by the AVR test.
Conventionally, the null hypothesis for the GS martingale
test is defined as H*0 : fRtg is an MDS, which implies that
E½RtjRt1; Rt2; :::j ¼ m, where m is a real number.
Escanciano and Velasco (2006) redefined this null hypothesis
using pairwise approach that makes use of available data in the
sample and at the same time avoids high dimensional inte-
gration. Thus, they present null hypothesis for testing MDH as:
H0 : mjðrÞ ¼ 0; cj 1; assurely ða:sÞ;
where mjðrÞ ¼ EðRj  m
Rtj ¼ rÞ a.s. are the pairwise
regression functions. This implies that no matter what value a
previous realization of r has taken, the expected future value of
r remains the same.
The alternative hypothesis is the negation of the null, and is
defined as:
HA:there exists a j  1 such that PðmjðRtjÞs0Þ> 0.
Thus, the conditional mean dependence measures
gjðxÞ ¼ E½ðRt  mÞeixRtj , can be viewed as a generalization of
the usual autocovariances to measure the conditional mean
dependence in a nonlinear time series framework.4 Mean-
while, since wild bootstrapping is found to enhance the per-
formance of Generalized Spectral test (see Escanciano &
Velasco, 2006), this study exploits wild bootstrapping pro-
cedure, following Kim (2009), to generate p-values for the GS
test. Also, similar to the practice under the Wild Bootstrap
AVR test above, 300 and 500 bootstrap iterations are consid-
ered to examine the robustness of the results.
The underlying null hypothesis for both the AVR and GS
tests states that the market return follows MDS procedure
which assumes that the current price always reflects all
currently available information in the market and is indepen-
dent of past information.5 If this holds, market speculation
which is based on past knowledge about the market will be
inefficient in predicting the market returns, thus signifying the
efficiency of the market. Hence, the non-rejection of this null
implies market efficiency while its rejection implies market
inefficiency.6
4. Discussion of results
Table 4 presents the results of the Wild Bootstrap AVR and
GS tests. Figures in the table represent the probability values
for rejection of MDH. A higher p value above and inclusive of
0.10 indicates the non-rejection of the null hypothesis meaning
that the return series under review follows MDS process, and4 See for example, Lazar et al. (2012) and Salisu and Ayinde (2016), for the
procedure for GS distribution function.
5 Note: AVR test has better statistical properties for detecting linear
dependence while GS test has better statistical properties for detecting
non-linear dependence (see Salisu & Ayinde, 2016).
6 A more extensive theoretical exposition on the AVR and GS tests can be
found in Lazar et al. (2012) and Salisu and Ayinde (2016).as such MDH cannot be rejected. This also indicates that the
FX market is weak form efficient. Notably, the higher the p
value of an FX market, the more weak form efficient it be-
comes. Economic implication of this is that it is impossible to
make abnormal profit in such an efficient FX market through
speculations.
Meanwhile, MDH result under the full sample period
shows that exchange rate returns of virtually all the countries
under study are MDS process. This implies that we cannot
reject the martingale difference hypothesis for all the FX
markets. In other words, there is no evidence of linear and
nonlinear dependence in the conditional mean of the exchange
rate returns of the nine selected AsiaePacific countries under
study. Therefore, FX markets of these countries are adjudged
to be weak form efficient. By implication, it is not possible to
make abnormal profit in these FX markets through specula-
tions since the markets are very difficult to predict. This result
is consistent with the finding of Azad (2009), who also finds
that FX markets of most AsiaePacific countries are efficient,
particularly when high frequency data is used.
On the comparative note, notwithstanding the variations in
the p values of the AVR test, Thailand FX market appears to
be the highest weak form efficient market with the p values of
0.927 and 0.912 obtained after 300 and 500 bootstrap itera-
tions respectively while South Korea FX market is the least
weak form efficient market with the p values of 0.303 and
0.272 obtained after 300 and 500 bootstrap iterations
respectively.
Using 300 bootstraps, SGD and MYR are on the same level
of weak form efficiency as shown by 0.577 p value for both
FX markets; although the linear dependence (based on the
AVR test) is more pronounced for SGD (0.603) than MYR
(0.947). In any case, the degree of linear dependence is not
significant in the two markets, thus confirming their weak
form efficiency. Similar evidence is also observed between
Japanese yen (JPY) and Philippine peso (PHP), but with
higher linear dependence observed in the case of JPY (0.673)
compared to PHP (0.510). But similarly, the degree of linear
dependence is as well not significant enough to undermine the
weak form efficiency of both markets.
Acknowledging the significance of structural break in the
exchange rate returns for these markets as shown in Table 3,
we divide the full sample period into two sub periods, namely;
the Pre- and Post-Structural break periods and thereafter we
carry out further analysis in respect of the two sub periods.
Under the Pre-break period, we find that the exchange rate
returns of South Korean won (KRW) is non-martingale dif-
ference at 10 per cent level of significance, while MDH is not
rejected for other currencies. This implies that the FX market
of South Korea was inefficient before the break date, while
those of other countries are efficient. This result is consistent
with the findings of Al-Khazali et al. (2012) using exchange
rates of AsiaePacific currencies to Euro, where MDH is
accepted for Indonesia, Philippine, Malaysia and Thailand,
between 1993 and 2008. Notwithstanding, improvement in the
efficiency of the South Korean FX market after structural
break may be explained by the intervention of the South
Table 4
Results of the Wild Bootstrap AVR and GS tests for MDH.
Countries FX initials Period covered GS test ( p value) AVR test ( p value)
B ¼ 300 B ¼ 500 B ¼ 300 B ¼ 500
Full sample period
China CNY 01/04/2005e12/09/2014 0.563 0.576 0.240 0.232
Hong Kong HKD 01/04/2005e12/09/2014 0.623 0.622 0.547 0.564
Indonesia IDR 01/04/2005e12/09/2014 0.743 0.726 0.797 0.770
Japan JPY 01/04/2005e12/09/2014 0.550 0.546 0.673 0.652
Malaysia MYR 01/04/2005e12/09/2014 0.577 0.558 0.947 0.940
Philippine PHP 01/04/2005e12/09/2014 0.550 0.550 0.510 0.500
Singapore SGD 01/04/2005e12/09/2014 0.577 0.560 0.603 0.618
South Korea KRW 01/04/2005e12/09/2014 0.303 0.272 0.437 0.434
Thailand THB 01/04/2005e12/09/2014 0.927 0.912 0.757 0.738
Pre break period
China CNY 01/04/2005e17/10/2008 0.333 0.346 0.973 0.978
Hong Kong HKD 01/04/2005e28/08/2009 0.323 0.312 0.113 0.114
Indonesia IDR 01/04/2005e10/04/2009 0.577 0.606 0.587 0.588
Japan JPY 01/04/2005e17/10/2008 0.173 0.174 0.690 0.704
Malaysia MYR 01/04/2005e07/05/2010 0.387 0.388 0.687 0.706
Philippine PHP 01/04/2005e13/03/2009 0.580 0.588 0.570 0.576
Singapore SGD 01/04/2005e17/10/2008 0.380 0.368 0.340 0.342
South Korea KRW 01/04/2005e14/11/2008 0.060* 0.076* 0.243 0.246
Thailand THB 01/04/2005e19/01/2007 0.883 0.878 0.137 0.118
Post break period
China CNY 31/10/2008e12/09/2014 0.450 0.434 0.080* 0.086*
Hong Kong HKD 11/09/2009e12/09/2014 0.530 0.518 0.853 0.872
Indonesia IDR 24/04/2009e12/09/2014 0.317 0.344 0.690 0.674
Japan JPY 31/10/2008e12/09/2014 0.593 0.584 0.370 0.404
Malaysia MYR 21/05/2010e12/09/2014 0.407 0.430 0.697 0.692
Philippine PHP 27/03/2009e12/09/2014 0.417 0.436 0.650 0.632
Singapore SGD 31/10/2008e12/09/2014 0.183 0.180 0.483 0.486
South Korea KRW 28/11/2008e12/09/2014 0.870 0.884 0.977 0.982
Thailand THB 02/02/2007e12/09/2014 0.503 0.464 0.333 0.332
Note: B represents the number of bootstraps; * denotes significance at 10% level.
Source: Authors' computations.
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March 18, 2008, to dowse market tension and stop “disorderly
decline” in the value of Korea's currency (see Martin, 2010).
Meanwhile, this result was concealed under the full sample
period as it concludes that the FX return was martingale dif-
ference. Thus, empirical analysis under the full sample period
may be thought of as over aggregating the weak form effi-
ciency of the FX markets. Although all other markets
remained weak form efficient, it may be necessary to account
for structural break to avert the problem of over aggregation of
weak form efficiency of financial markets.
Similarly, we find that China FX return (CNY) is non-
martingale difference after the structural break due to signif-
icant linear dependence as evident in the AVR results. It must
however be noted that for a market to be weak form efficient,
it must be devoid of either linear or nonlinear dependence in
conditional mean, the fact that linear dependence in CNY
returns increased significantly after the structural break im-
plies that the necessary condition for MDH is not satisfied and
as such the market is not weak form efficient. Whereas, the
fact that a financial market is not weak form efficient does not
imply possibility of any loss in investment returns rather it
implies that the current rate does not fully reflect all theavailable information in the market, thus creating avenue for
speculators to exploit market information and make abnormal
profit. The observed change in trending pattern of the CNY
returns may be due to systematic exchange rate devaluation
policy (the decision to halt exchange rate appreciation)
adopted by the People's Bank of China in July, 2008 (see
Morrison & Labonte, 2013).
Meanwhile, further results show that other FX markets
remained martingale even after the structural break suggesting
that they are still weak form efficient. However, changes in the
market efficiency status of South Korea and China in reaction
to FX market intervention validate the Adaptive Martingale
Hypothesis (AMH) by Lo (2004), which assumes that the
profitability of speculations in the financial market tend to vary
over time, with changes in policies and events.
5. Policy implication
Evidently, from the full sample analysis, efficiency of FX
market of AsiaePacific countries is marvelously revealed, as
the non-rejection of MDH is prominently evident, irre-
spective of the estimation methods and number of bootstrap
iterations. This implies that the exchange rate policies of the
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making currency speculations less attractive. With less
profitable opportunity for FX speculations, the currencies of
these countries would be less volatile, thus making the
countries more attractive to foreign investors; as they
anticipate stable investment returns. Also, the fact that the
FX market of China turns inefficient after the intervention
policy to halt currency appreciation implies that such new
policy makes speculations more profitable in the FX market.
While the focus of the monetary authority is to enhance
export, the downside risk of losing potential investment
inflow and high import cost cannot be overemphasized.
Noting the overall negative effect of the policy on the do-
mestic economy, the policy was relaxed in June, 2010. In the
same vein, the fact that the Korean Won (KRW) became
efficient after the South Korean government sold about $1
billion in the FX market indicates that, the government's
policy intervention is effective, as it successfully reduces
speculations in the market.
6. Conclusion
This study tests for MDH in nine selected AsiaePacific
countries being among the fastest growing FX markets in the
world. It employs the return series of the relevant foreign
exchanges and consequently the statistical properties of the
series are examined. It also determines structural break
endogenously from the data stream using Perron (2006) unit
root test with structural break. Furthermore, it employs
recent techniques in variance ratio and spectrum based tests
both of which involve the wild bootstrapping procedure.
Thus, the Wild Bootstrap Automatic Variance Ratio test by
Kim (2009) and Wild Bootstrap Generalized Spectral test by
Escanciano and Velasco (2006) are employed. One of the
attractions to these tests lies in the fact that they are found to
be consistent against autoregressive conditional hetero-
scedasticity (ARCH) in the financial returns. Also, they have
high power and size advantage in determining linear and
nonlinear dependence in the conditional mean of financial
returns respectively. Empirical result from this study shows
that FX markets of all the selected countries are efficient
under the full sample period. Meanwhile, after dividing the
full sample into pre- and post-structural breaks, the result
shows that South Korea FX market only became efficient
after the structural break while China FX market became
inefficient after the structural break. This suggests that
market efficiency may vary over time. Hence, a preliminary
test for the presence of significant structural break may be
necessary when testing for MDH in order to capture and to
be able to explain any probable inconsistency in the results.
In addition, the argument by Lo (2004) is further reinforced
in this study. Lo (2004) finds that, via the Adaptive
Martingale Hypothesis (AMH), the profitability of specula-
tions in the financial market tends to vary with changes in
policies and events e occasioned by economic cycles as well
as trends, and panics, manias, bubbles, and crashes.References
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